Large changes in indole-3-acetic acid (IAA) levels occur during growth of Lemna gibba G-3 in sterile culture. The levels of IAA were measured in plants during a 45 day growth cycle using HPLC and isotope dilution analysis followed by selected ion current monitoring GC-MS analysis with 13C6-IAA as the internal standard. Even though the rate of plant growth remained constant over the entire growth period, IAA levels ranged from a high of 222 to a low of 6 nanograms per gram fresh weight. A Lemna mutant (jsR,) which has a giant phenotype was obtained by regeneration from primary callus cultures. Microspectrofluorometry of diamidino-2-phenylindole stained cells showed that jsR, has the same amount of DNA per nucleus as the parent line (PL). All jsR, cell types measured are about 1.5 times larger than in PL. The endogenous levels of IAA per gram fresh weight were higher in jsR, at several stages of the plant culture cycle as compared to PL. This difference ranged from 1.2 to over 100 times as much. While PL showed only one high peak at day 9, jsR, had IAA levels of 480 and 680 nanograms per gram fresh weight at days 9 and 45, respectively. Throughout the midculture stage of the growth cycle (20-28 days) both jsR, and PL had IAA levels in the range of 9 to 14 nanograms per gram fresh weight. In contrast to PL, at day 45, jsR, had no detectable ester or amide conjugates of IAA. These changes in IAA levels were determined in sterile plant cultures and thus cannot be attributed to bacterial or fungal activity. sist of cloned vegetative plants. Our cultures of Lemna gibba G-3 increase in frond2 number and fresh weight at a logrithmic rate throughout a 45 d culture cycle. In this report we show that, during the culture cycle, endogenous IAA levels vary from only a few ng/g FW3 to several hundred ng/g FW.
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Size variation in selected varieties of higher plants has been attributed to a variety of genetic determinants such as ploidy level (3) , root physiology (20) , and hormonal variations (20, 22) . Using tissue culture techniques we have selected a number of Lemna variants (24) . One such variant (jsR,) is a fertile mutant exhibiting large frond size and dark green coloration ( Fig. 1) We have examined the IAA levels in these plants throughout the culture cycle and have found these to be surprisingly different from those in PL.
MATERIALS AND METHODS Plant Material. Sterile cultures of Lemna gibba G-3 were obtained from Dr. R. Cleland (Smithsonian Environmental ReThe levels of the phytohormone indole-3-acetic acid have been measured in a number of plants using a wide variety of analytical techniques (8) . Although such studies have provided us with a wealth of useful information on the presence and amounts of IAA in plant tissues, few studies have documented the changes in hormone levels throughout the life cycle of a plant. A number of studies, however, have attempted to correlate IAA levels with particular developmental events such as flowering (14) and senescence (1, 15), or with more rapid effects such as tropic curvature (5, 13) . Changes in IAA levels seen in such experiments have usually been small, perhaps because of the small number of cells involved with such processes and the relatively large amount of tissue extracted. This has led to an assumption that large changes in IAA levels do not occur in higher plants (27) .
Sterile cultures of the monocotyledonous plant, Lemna gibba G-3 (duckweed), offer several advantages for studies of IAA metabolism (25) . Under short day conditions such cultures con- injector was at 260°C and the oven was programmed with a 2 min isothermal hold at 140°C then increased at 5°C/min. Ultrapure He, after passage through an oxygen trap and through a molecular sieve (Linde 4A), was used as carrier gas at a flow rate of 1 ml/min.
Ester and amide conjugates were determined by using selective base hydrolysis as previously described (12) . Data presented are the average of four replicate experiments.
RESULTS
Growth Characteristics. L. gibba G-3 is an aquatic angio §perm that grows well in sterile culture on minimal media. Under short day conditions propagation is entirely vegetative. Using E media, which consists of salts and contains 1% sucrose, flasks planted with Lemna support plant growth at a logrithmic rate for over 45 d, with no apparent lag phase or plateau (Fig. 2) . Growth rate does not account for the difference in size of PL and jsR,.
Lemna fronds exhibit a determinant growth characteristic. Each frond will produce approximately 15 daughter fronds and then the mother frond senesces. In our cultures, the first senescent fronds (yellow) are usually apparent after about 20 d of growth; however, they account for only a minor fraction of the total plant population even up to d 45. After this time yellow fronds occur more frequently and the plants become crowded on top of one another, no longer forming just a single layer of plants on the surface of the medium. At all stages of the culture cycle fronds of all nonsenescent stages of development are present. During the culture cycle the pH of the media gradually rose from an initial value of 4.6 to approximately 5.8.
The phenotypes of the F1 generation obtained by self pollination of cultures indicated that jsR, is a genetic mutant. About half of the progeny exhibited the large phenotype or intermediate phenotypes, indicating that the trait is probably polygenic. Backcross data is not yet available.
The large and dark green frond phenotype of jsR, suggested that these plants might be polyploid. Measurement of cell sizes of several different tissues showed that, in general, the cells of jsR, were about 1.5 times the size of comparable cells in PL (Table I) , also indicating the possibility of jsR, being polyploid.
This possibility was discounted, however, by comparing the nuclear DNA content of PL and jsR,. Nuclei were labeled with DAPI and the fluorescence emission of individual nuclei was measured with a microspectrofluorometer (Table II) . Both PL and jsR, contain approximately the same amount of DNA per nucleus.
The approximate number of cells in the upper epidermis of jsR1 is not significantly different from the number determined for PL (Table III). search Center, Rockville, MD) and were maintained on 'E media' (10) levels of IAA in Lemna are very high (Fig. 3) . At this time point, the IAA content of the large mutant, 420 ng/g FW, is approximately twice that found in PL, 222 ng/g FW. By d 20, the amount of IAA in both plant lines decreased to less than 5% of the amount at d 9. For the remainder of the culture cycle PL maintained a level of about 10 ng/g FW; a value similar to those reported for other plant tissues (2, 4, 13, 14, 21 ). In contrast, the level of IAA in jsR, increased dramatically by the end of the culture cycle (Fig. 4) . The identity of the IAA was confirmed by full scan mass spectral analysis (Fig. 4) .
The primary bound forms of IAA in PL occur as ester conjugates, which account for 75% of the total IAA in the PL plants. Amide conjugates comprise 19% of the total IAA. In contrast, IAA conjugates were not detected in jsR1 (Table IV) .
Variation between replicate samples for IAA analysis did not exceed 12% for any of the samples; the analytical precision of the GC-MS assay technique is better than 4% (12) . The greatest variability was seen in the samples from periods where plants had a high IAA content.
DISCUSSION
A number of techniques have been used for IAA analysis in biological materials. Most recent approaches have utilized high performance chromatographic techniques with various selective detection systems. The problems inherent in such measurements due to contamination by the myriad of plant aromatic acids present in extracts, the lability of the indole moiety, and changes in indole fluorescence intensity upon exiplex formation (7) At specific times during the culture cycle both PL and jsR, show levels of IAA that are over an order of magnitude higher than has been reported for vegetative tissues of a variety of plant genera other than Lemnaceae (2, 4, 13, 14, 21) . For example, seedlings of pea, maize, and oat all contain between 16 to 35 ng/ g FW free IAA (2, 4) . Whether the differences among plant types are due to developmental stage or to the state of growth of the plants remains to be determined. High auxin levels have previously been reported for members of the Lemnacea (26, 29) .
While other mutant plants with increased levels of IAA have been isolated (14, 16, 28) , the levels of IAA reported are much lower than that found in 45 d cultures of jsR,. High accumulation variants are rare and, in some cases, the analytical information provided was limited. A genetic line of Sorghum bicolor with a late maturing characteristic shows an increase in IAA level during the late phase of the preflowering period (14) , but the highest level of IAA in such plants was about an order of magnitude less than the peak level found-in jsR,. Large changes in the IAA content of individual plant parts over short time intervals have also been reported (19) . To our knowledge, however, this is the first report of such large changes in IAA content occurring in a population of whole plants.
In contrast to recent assertions that large changes in phytohormone levels do not occur in plants (27) , it is clear from our results that IAA levels change dramatically in Lemna. These changes occur at defined time intervals during a period of logrithmic growth. Alterations in the level and timing of the ob- 
ae co as L. gibba is a particularly suitable organism for studies of plant metabolism and especially phytohormone biosynthesis, because of the ease in maintaining sterile cultures and the lack of a cuticular barrier on the lower leaf surface. These features make Lemna especially attractive for pulse-chase and other labeling studies (see, for example, Ref. 25 ). The mutant line described in this report accumulates IAA in large amounts relative to the amount of phytohormone usually found in higher plants. Regardless of whether the large phenotype of jsR, is directly correlated with increased IAA levels, future experiments using stable and radioisotope tracer techniques to study IAA metabolism should be greatly enhanced by the use of this genetic mutant, because the high levels of free IAA should facilitate such analyses.
